INTAKE WATER SEPARATOR 


CROSS-REFERENCE TO RELATED CASES 

The present application claims the benefit of the filing date of U.S. Provisional 
Application Serial No. 60/403,616; filed August 14, 2003, the disclosure of which is 
expressly incorporated herein by reference. 

5 FIELD OF THE INVENTION 

The present invention relates generally to intake water separators for separating 
water from the air intake stream of an internal combustion engine. 

BACKGROUND OF THE INVENTION 

In many internal combustion engines, an air cleaner is used to remove harmful 
10 particulate and other contaminants from an air intake stream before the steam enters the 
engine. The air cleaner includes filter media which in some instances can degrade or 
become less efficient in the presence of water. This can cause restriction of the air flow 
through the cleaner, which can decrease the efficiency of the engine. The water can also 
carry dirt and salt into the air cleaner which can shorten the life of the filter media. All 
15 this can be detrimental to the operation of the engine and can increase operational costs, 
as well as maintenance and repair costs. As such, some high performance engine 
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applications rely on an intake water separator to remove water in the air stream before the 
air stream enters the air cleaner. 

A water separator is offered by the assignee of the present invention under the 
mark/designation "Farr In-Line Water Separator", which is a simple, compact, 
5 lightweight unit located between the air intake scoop and the air cleaner housing. An 
annular projecting rib is formed midway along the body of the water separator, and 
defines an enlarged annular channel interior of the body. An elongated drain tube 
extends downwardly from the rib, and terminates at its extended lower end in a drain 
aperture. In a typical installation, the upstream end of the water separator is secured to an 

10 inlet pipe at an elbow which causes the water in the moving air to be carried against the 
interior wall of the separator. The water then collects in the annular channel and drains 
down into the drain tube, where it can be collected. This configuration of separator has 
been found to be economical and efficient at separating water from the air flow (up to 
90% of the water can be removed if properly installed), and has been widely used in 

15 many engine applications. N 

Other water separators are known which include an internal annular lip projecting 
co-axial with the body of the separator, in the upstream direction of air flow. The water 
collects externally of the lip (in the cavity between the lip and the inside walls of the 
water separator), and drains down into a lower drain tube as described above. 

20 The above-described water separators are typically formed from metal (e.g., steel 

tube) in multiple pieces (e.g., two body pieces and a drain tube), which are welded 
together. 

Water separators are typically attached on the upstream side to the air intake 
scoop via a pipe or tube, and appropriate band clamps are used on the pipe-scoop 

25 connection, as well as on the pipe-separator connection. Likewise, on the downstream 
side, the separator can be fixed directly to the air cleaner housing such as with a clamp, or 
connected remotely via a tube or pipe. With a remote connection, a pair of band clamps 
are typically used - one on the pipe-housing connection and one on the pipe-separator 
connection. The water separator can also be connected directly to a "bonnet", which 

30 itself is held against the air cleaner housing with a strap and a buckle, as shown in U.S. 
Patent No. 4,365,980. In any case, there is some installation effort and expense in 
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installing the water separator. There are typically multiple connection points between the 
water separator, the tubing/hose, and the air intake scoop and air cleaner - each of which 
requires some sort of fastener such as a band clamp or strap/buckle combination. Since 
the water separator is a separate and unique component, additional stock keeping units of 
5 the separator must be kept on hand, as well as stock keeping units of all the tubing/pipes 
and fasteners. 

In certain current and expected engine applications, the air intake scoop and air 
cleaner housing are inexpensive, lightweight, plastic components. Locating a separate 
water separator between the air intake scoop and the air cleaner housing, and plumbing 

10 the water separator to both the scoop and the housing, adds undesirable cost, time and 
weight, and in effect defeats the purpose of minimizing the size and weight of the scoop 
and housing. The separate water separator, and tubing, band clamps, etc. also take up 
space, and require sufficient access for installation - all of which requires special 
consideration in engine design and runs counter to the desire to simplify and reduce the 

15 size, weight and cost of the engine. 

In light of the above, it is believed there is a demand for a further improved water 
separator for an engine which is inexpensive, lightweight, simple and compact, and 
efficiently removes water from an air stream, but which does not require an additional 
unique component, does not require as much access space as previous designs, and which 

20 over-all raises fewer issues in engine design. 

SUMMARY OF THE INVENTION 

The present invention includes a unique water separator which overcomes many 
of the drawbacks of prior designs, and is inexpensive, lightweight, simple and compact, 
and efficiently removes water from an air stream entering an air cleaner. 
25 According to the principles of the present invention, the water separator is formed 

. in two pieces, one of which is formed unitary (in one piece) with the air intake scoop, and 
the other of which is formed unitary (in one piece) with the air cleaner assembly. One of 
the pieces, the inlet scoop portion of the water separator, includes a rib portion midway 
along the separator which defines an internal enlarged channel. In one embodiment, the 
30 other piece, the outlet scoop portion of the water separator, includes an internal lip, 
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projecting co-axial with the body of the water separator and defining a water separation 
cavity with the inner surface of the enlarged internal channel. In a second embodiment, 
the inlet scoop portion includes both the internal channel and the internal lip. In either 
case, an elongated drain tube extends downwardly from the rib portion, and water 
5 collecting in the water separator drains down through the drain tube for collection or 
disposal. 

The outlet portion in the water separator has a receiving channel, outwardly 
surrounding the lip and facing forwardly. The channel closely receives a forward-facing 
mouth of the inlet scoop to properly align the inlet scoop piece with the outlet scoop 

10 piece. A pair of attachment flanges are provided on each piece, and when the water 
separator is assembled, the flanges in the one piece align with the flanges on the other 
piece, and conventional bolts or clips can be received in openings in the flanges to easily 
connect the inlet scoop piece to the outlet scoop piece. Other fastening techniques, such 
as band clamps, can also be used, but preferably, the fastening technique requires only 

15 minimal access to the joint between the two pieces, which reduces the overall size of the 
water separator. In addition, the connecting points are reduced from (at least) two to one 
compared to prior water separator designs, which also reduces the required access space 
and number of fasteners. Moreover, forming the water separator as unitary portions of 
the air intake scoop and filter housing, also reduces the number of stock keeping units 

20 necessary for the engine. The water separator pieces are preferably formed from plastic, 
which makes it easy to form the pieces unitary with the air scoop and the filter housing. 

A water separator as described above is inexpensive, lightweight, simple. and 
compact, and efficiently removes water from an air stream entering an air cleaner. The 
water separator does not require additional stock-keeping units* reduces the required 

25 access space for installation and repair/maintenance, and thereby raises fewer issues in 
engine design. 

Further features of the present invention will become apparent to those skilled in 
the art upon reviewing the following specification and attached drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view of an air intake scoop and a cowl to an air cleaner, 
illustrating a water separator constructed according to the principles of the present 
invention; 

5 Figure 2 is a cross-sectional side view of the water separator taken substantially 

along the plane described by the lines 2-2 of Figure 1 ; 

Figure 3 is an elevated perspective view of the inlet scoop portion of the water 
separator; 

Figure 4 is an elevated perspective view of the outlet scoop portion of the water 
10 separator; and • 

Figure 5 is a cross-sectional side view of a second embodiment of the water 
separator of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to the drawings, and initially to Figure 1, certain components of an 

1 5 internal combustion engine are shown, namely, an air intake scoop, indicated generally 
at 10, and an air cleaner inlet tube or cowl, indicated generally at 12. Air enters a mouth 
14 of the inlet air scoop, and passes to an outlet tube 16 of cowl 12 to an engine air 
cleaner. U.S. Patent No. 4,365,980, which is incorporated herein by reference, shows and 
describes an air cleaner appropriate for the present invention, although it is noted that the 

20 present invention is useful with a variety of air cleaners. In general, the air intake scoop 
and air cleaner are generally well-known components and can be of conventional 
structure, material and function. Preferably, the scoop and the housing of the air cleaner 
are formed from a lightweight, inexpensive material, such as plastic. The illustrated air 
intake scoop and air cleaner are useful in a variety of applications, such as high 

25 performance engines suitable for automobiles and/or trucks. 

A water separator constructed according to the present invention is indicated 
generally at 20, and removes water from the air stream entering inlet air scoop 10 before 
the air stream passes through the outlet tube 16 and reaches the air cleaner. Referring 
now to Figures 2-4, the water separator 20 includes an upstream, inlet scoop piece 22 and 

30 a downstream, outlet scoop piece 23. The inlet scoop piece 22 is illustrated as having a 
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generally oval or elliptical body 24 in cross-section, which is dimensioned to be of 
sufficient size to accommodate the expected air flow to the engine. The body 24 has an 
open mouth 25 at a forward/downstream end of the body, and a central flow passage 26. 
The mouth has a radially-outward projecting bead or ridge 27 formed therearound, and an 
5 oval/elliptical, flat end surface 28, generally normal to the central axis of the inlet scoop 
piece. The inlet scoop further has a rib portion, indicated generally at 30, at about the 
midportion, which defines an internal enlarged oval/elliptical channel, indicated generally 
at 32, and positioned generally normal to the central axis of the inlet scoop body 24. 

An elongated drain tube 38 extends downwardly from the lower end of the rib 

10 portion 30. The drain tube 38 can be fluidly connected to a receiving vessel for 
collection of the water, or can be connected by tubing or hose to ground, to provide a 
drain path for water collected in the water separator. 

A pair of downwardly-projecting attachment flanges 40 are provided on opposite 
ends of the body 24 of the inlet scoop piece, and include openings for conventional 

15 fasteners. 

The inlet scoop piece 22 is preferably formed from plastic, in one piece, unitary 
with the air intake scoop 10. This can occur during the manufacturing process of the air 
intake scoop, and can be accomplished using any conventional manufacturing technique, 
such as rotomolding. Alternatively, the inlet scoop piece can be separately formed and 

20 then later attached as an integral unit to the air intake scoop; however in this case, it is 
preferred that the attachment be permanent and secure; such as with adhesive, such that 
the air intake scoop and inlet scoop piece are a single component prior to assembly with 
the engine so as to reduce stock keeping units and avoid additional cost and expense in 
assembling the inlet scoop piece with the air intake scoop on the engine. 

25 While an oval or elliptical configuration for the inlet scoop piece is illustrated, it 

should be appreciated that the configuration of the inlet scoop piece is primarily 
dependent on the configuration of the inlet air scoop, and can take configurations other 
than those which are shown, such as a conventional annular design. 

The outlet scoop piece 24 also has an oval or elliptical body 44 in cross-section, 

30 similar to the configuration of the inlet scoop piece 23. The body has a mouth 46 at a 
forward/upstream end of the outlet scoop piece and an internal flow passage 47. The 
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mouth 46 has an oval or elliptical receiving cavity 48 opening outwardly/forwardly from 
the body. The channel 48 has a flat oval/elliptical end wall 50, normal to the central axis 
of the outlet scoop piece, and generally a configuration which closely receives and 
bounds bead 27 on the inlet scoop piece (see Fig. 2). 
5 An oval/elliptical lip 56 inwardly bounds the end wall 50 and projects forwardly 

of channel 48, co-axially with the central axis of outlet scoop body 44. Lip 56 is slightly 
inwardly-tapered to facilitate inserting the lip through mouth 25 of the inlet scoop piece, 
and is closely received in the opening defined by end wall 28. The lip 56 and inner 
surface of the internal channel 32 in the inlet scoop piece define a water collecting cavity 

10 57 opening in the upstream direction in the water separator. The configuration (e.g., 
length) of the lip 56, and size of cavity 57 may vary depending on the particular 
application, as should be appreciated by those skilled in the art. 

A pair of outwardly-projecting attachment flanges 60 are provided on opposite 
ends of the body 44 of the outlet scoop piece, and include openings for conventional 

15 fasteners. 

The outlet scoop piece 24 is preferably also formed from plastic, in one piece, 
unitary with the cowl 12 of the air cleaner. As with the inlet scoop piece, this can occur 
during the manufacturing process of the cowl; and can be accomplished in the same 
manner, such as rotomolding. Alternatively, the outlet scoop piece can be separately 

20 formed and then later attached as an integral unit to the cowl; however again, in this case, 
it is preferred that the attachment be permanent and secure, such as with adhesive, such 
that the cowl and outlet scoop piece be a single component prior to assembly with the 
engine so as to reduce stock keeping units and avoid additional cost and expense in 
assembling the outlet scoop piece with the cowl. The outlet scoop piece could also be 

25 formed directly and unitarily with the housing of the air cleaner, or with some other 
component of the air cleaner assembly. 

When the inlet scoop piece 22 is assembled with the outlet scoop piece, the mouth 
25 of the inlet scoop piece 22 is closely received in the channel 48 of the outlet scoop 
piece, with the cooperation between the closely-fitting components properly, easily and 

30 quickly aligning the inlet scoop piece 22 with the outlet scoop piece 24. The mouth 25 of 
the inlet scoop piece is inwardly and outwardly bounded and supported, with the mouth 


8 


46 of the outlet scoop piece closely receiving the outer diameter of bead 27, and the lip 
56 closely inwardly bounding end wall 28. The flat formed end wall 28 of the inlet scoop 
piece sits flush against the flat end wall 50 of the channel in the outlet scoop piece. 
When the components are so aligned, the flanges 40 on the inlet scoop piece 22 become 
properly aligned with the flanges 60 on the outlet scoop piece 24, and fasteners 64, such 
as bolts or clips can be inserted through the respective openings to securely fix the inlet 
scoop piece to the outlet scoop piece. Other fasteners rather than bolts or clips can of 
course be used (for example a band clamp), as long as such fasteners preferably are 
simple and easy to use, and do not require significant access on the engine to minimize 
the space necessary for the water separator. 

As should be appreciated, air passing into the central passage 26 of the inlet scoop 
piece of the water separator 20 from the air inlet scoop may contain moisture or water, 
which will migrate against the walls of the water separator. The water enters the water 
separation cavity 57, collects in the internal channel 32, and drains downwardly into the 
drain tube 38, where it can be collected or disposed of. The tapered lip of the outlet 
scoop body 44 increases the efficiency of water removal in the water separator. The 
essentially water-free air then passes through the central passage 47 in the outlet scoop 
piece to the air cleaner. 

A second embodiment of the water separator is shown in Figure 5. In this 
embodiment, the water separation feature of the water separator is provided with the inlet 
scoop piece 22, rather than the outlet scoop piece 24. Specifically, a lip 70 is provided 
integral (unitary) with the mouth 25 of the inlet scoop piece, rather than with the outlet 
scoop piece, and projects rearwardly therefrom to define the upstream-facing water 
separation cavity 57. The mouth 25 otherwise is closely received in the channel 48 at the 
forward end of the outlet scoop piece 24, with the channel configured to both inwardly 
and outwardly bound and support the mouth 25. The remaining structure of the inlet 
scoop piece and outlet scoop piece is preferably the same as in the first embodiment 
described above. 

While the water separator of the present invention is particularly useful for 
separating water in the air flow between an air scoop intake and an air cleaner in an 
internal combustion engine, the separator could be used in other applications to remove a 
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first, heavier fluid (such as a liquid); from a second, lighter fluid (such as a vapor or gas). 
Such applications include, but are not limited to: i) removing water from steam; and ii) 
removing oil from compressed air. As such, the present invention should be broadly 
construed as applicable to a variety of applications and not limited to the particular 
5 example described herein. 

The principles, preferred embodiments and modes of operation of the present 
invention have been described in the foregoing specification. The invention which is 
intended to be protected herein should not, however, be construed as limited to the particular 
form described as it is to be regarded as illustrative rather than restrictive. Variations and 
10 changes may be made by those skilled in the art without departing from the scope and spirit 
of the invention as set forth in the appended claims. 


